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1
CROSSHEAD LUBRICATION SYSTEM

BACKGROUND

This section 1s mntended to mtroduce the reader to various
aspects of art that may be related to various aspects of the
present invention, which are described and/or claimed below.
This discussion 1s believed to be helpiul 1n providing the
reader with background information to facilitate a better
understanding of the various aspects of the present invention.
Accordingly, it should be understood that these statements are
to be read 1n this light, and not as admissions of prior art.

A piston may be a disk or cylinder that moves within a
close-fitting cylinder of a mechanical assembly. The piston
within the cylinder operates to transier force from a working,
fluid to a crankshatt, or vice versa. The piston may include a
crosshead designed to reduce or eliminate sideways, or radial,
pressure on the piston during operation. For example,
mechanical assemblies such as engines, pumps, and compres-
sors include cylinders with reciprocating pistons. In engines,
the piston moves 1n response to a tluid pressure resulting from
combustion of a fuel. More specifically, the force from the
fluid pressure 1s transierred to the piston, which further trans-
ters the force to a crankshatt. Conversely, pumps and com-
pressors include pistons for compressing or ejecting a fluid
within a respective cylinder. The pump or compressor
includes a crankshait, which transfers force from the piston to
a working fluid, such that the working fluid 1s compressed
within or displaced from the cylinder. Unfortunately, the
speed of the piston and crosshead, and therefore the tlow

capacity of the mechanical assembly, may be limited by the
construction of the piston.

BRIEF DESCRIPTION OF THE DRAWINGS

Various features, aspects, and advantages of the present
invention will become better understood when the following
detailed description 1s read with reference to the accompany-
ing figures 1n which like characters represent like parts
throughout the figures, wherein:

FIG. 1 1s a perspective view of a reciprocating compressor
including a light composite crosshead and/or a light compos-
ite piston 1n accordance embodiments of the present disclo-
SUre;

FIG. 2 1s an axial cross-sectional view of the exemplary
compressor of FIG. 1, including a light composite crosshead
and/or a light composite piston, 1n accordance with embodi-
ments of the present disclosure;

FIG. 3 15 a cross-sectional side view of a light composite
piston, 1 accordance with embodiments of the present dis-
closure;

FI1G. 4 1s a partial cross-sectional view taken within line 4-4
of FIG. 3, illustrating an embodiment of the composite mate-
rial having a reinforcing material distributed within a matrix
material;

FIG. 5 1s an exploded view of a light composite piston
assembly, 1n accordance with embodiments of the present
disclosure:

FIG. 6 1s a cross-sectional side view of the light composite
piston assembly of FIG. 5, 1n accordance with embodiments
of the present disclosure;

FIG. 7 1s a schematic of an exemplary piston cylinder
system including a light composite piston, in accordance with
embodiments of the present disclosure;

FIG. 8 1s a side view of a light composite crosshead, in
accordance with embodiments of the present disclosure;
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FIG. 9 1s a cross-sectional side view of a crosshead pin, 1n
accordance with embodiments of the present disclosure;

FIG. 101s a cross-sectional side view of a crosshead pin, 1n
accordance with embodiments of the present disclosure;

FIG. 11 1s a perspective view a crosshead, in accordance
with embodiments of the present disclosure; and

FIG. 12 1s a schematic of a compressor having a crosshead
lubrication system.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

One or more specific embodiments of the present invention
will be described below. These described embodiments are

only exemplary of the present invention. Additionally, 1n an
clfort to provide a concise description of these exemplary
embodiments, all features of an actual implementation may
not be described 1n the specification. It should be appreciated
that in the development of any such actual implementation, as
In any engineering or design project, numerous implementa-
tion-specific decisions must be made to achieve the develop-
ers’ specific goals, such as compliance with system-related
and business-related constraints, which may vary from one
implementation to another. Moreover, it should be appreci-
ated that such a development effort might be complex and
time consuming, but would nevertheless be a routine under-
taking of design, fabrication, and manufacture for those of
ordinary skill having the benefit of this disclosure.

When introducing elements of various embodiments of the
present invention, the articles “a,” “an,” “the,” and “said” are
intended to mean that there are one or more of the elements.
The terms “comprising,” “including,” and “having” are
intended to be inclusive and mean that there may be addi-
tional elements other than the listed elements. Moreover, the
use of “top,” “bottom,” “above,” “below,” and varniations of
these terms 1s made for convenmience, but does not require any
particular orientation of the components.

Certain embodiments of the present disclosure include a
piston constructed of a lightweight composite material or
other lightweight material. For example, the lightweight
composite material may be a material formed from a matrix
maternal and a reinforcing matenal. For example, the rein-
forcing material may include particles, fibers, or the like,
distributed throughout the matrix maternal. In other embodi-
ments, the lightweight composite material may include metal
components and non-metal components. The piston may be
configured for use 1n a reciprocating compressor, engine,
pump, or the like. In certain embodiments, the lightweight
composite piston may have a single piece design or a multi-
piece design. In embodiments of the lightweight composite
piston having a multi-piece design, the piston may comprise
two hollow piston halves, each having one or more internal
stiffening ribs configured to increase strength of the piston.
Embodiments of the lightweight composite piston further
include a piston ring carrier configured to recerve and support
a piston ring. As will be appreciated, a piston ring may serve
to provide a gas-tight seal between the piston and the piston
cylinder as the piston moves within the piston cylinder. Addi-
tionally, certain embodiments may 1nclude a piston rod con-
structed of a composite material. As discussed 1n detail below,
the lightweight composite piston may be constructed from a
variety of lightweight materials. Advantageously, the light-
weilght material construction of the piston allows the piston to
be operated at higher speeds. In this manner, the compressor,
pump, engine, or other machine operating the piston may
realize a larger flow capacity without increasing the size of the
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piston cylinder. Additionally, the lightweight construction
may provide additional benefits, as discussed below.

Additionally, certain embodiments of the present disclo-
sure include a crosshead constructed of a lightweight com-
posite material or other lightweight material. For example,
the lightweight composite material may be a material formed
from a matrix material and a reinforcing material (e.g., par-
ticles or fibers distributed throughout the matrix material). In
other embodiments, the lightweight composite material may
include metal components and non-metal components. The
crosshead may be configured for use 1n a reciprocating com-
pressor, engine, pump, or the like. In certain embodiments,
the light composite crosshead may also 1include a crosshead
pin made of a light composite material. Embodiments of the
light composite crosshead pin may be configured to act as a
bearing surface between the crosshead and a connecting rod.
Specifically, the light composite crosshead pin may be con-
figured to supply o1l or other lubricant to crosshead, pin, and
crankshaft surfaces. As discussed in detail below, the light-
welght composite crosshead may be constructed from a vari-
ety of lightweight maternials. Advantageously, the lightweight
material construction of the crosshead allows the crosshead to
be operated at higher speeds. In this manner, the compressor,
pump, engine, or other machine operating the crosshead may
realize a larger flow capacity without increasing the size of the
piston cylinder. Additionally, the lightweight construction
may provide additional benefits, as discussed below.

Furthermore, certain embodiments of the present disclo-
sure include a crosshead lubrication system for a crosshead 1n
a mechanical assembly, such as a compressor, engine, pump,
or the like. For example, the crosshead lubrication system
may include a crosshead and a crosshead pin (e.g., an annular
crosshead pin) configured to receiwve a flow of a lubricant,
such as o1l, from a connecting rod and flow the lubricant to
exterior or outer surfaces of the crosshead. For example, 1n
one embodiment, the lubricant may tlow from the connecting
rod towards the crosshead and enter an annulus of the cross-
head pin through entry ports. Thereaiter, the lubricant may
pass through exit ports of the crosshead pin and 1nto lubricant
ports of the crosshead. In this manner, the lubricant may
reduce friction, abrasion, and/or wear between the crosshead
and the crosshead pin. Moreover, the lubricant turther flows
through the lubricant ports of the crosshead, which extend
from the crosshead pin (e.g., at an interior of the crosshead) to
an exterior of the crosshead. More specifically, the lubricant
ports of the crosshead extend to recesses formed 1n exterior or
outer surfaces of the crosshead. As discussed 1n detail below,
the outer surfaces of the crosshead translate along crosshead
guides of the mechanical assembly (e.g., compressor). Con-
sequently, as the lubricant exits the lubricant ports and tlows
within the recesses formed 1n the exterior surfaces of the
crosshead, the lubricant may reduce friction, abrasion, and/or
wear between the crosshead and crosshead shoes and/or the
crosshead guides as the crosshead moves within the mechani-
cal assembly.

Turning now to the figures, FIG. 1 1s a perspective view of
an exemplary compressor 10. In the illustrated embodiment,
the compressor 10 includes a pair of compression cylinders
12 coupled to a frame 14. A varniety of internal components
may be disposed within the cylinders 12 and the frame 14 to
enable compression of fluids imntroduced 1nto the compressor
10. For example, as discussed in greater detail below, the
cylinders 12 may include a crosshead formed from a compos-
ite material. In one embodiment, the compressor 10 may be
utilized to compress natural gas. However, 1n other embodi-
ments, the compressor 10 may be configured and/or utilized
to compress other tluids.
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A mechanical power source or driver 16, such as an engine
or an electric motor, 1s coupled to the compressor 10 to
provide mechanical power to the various internal components
and enable compression of the fluid within the cylinders 12.
To facilitate access to such internal components, as may be
desired for diagnostic or maintenance purposes, openings n
the frame 14 may be provided and selectively accessed via
removable covers 18. Further, the cylinders 12 also include
valve assemblies 20 for controlling flow of the fluid through
the cylinders 12.

Although the exemplary compressor 10 shown 1s a two-
throw reciprocating compressor, other compressors 10 may
have alternative configurations. For instance, in other
embodiments, the compressor 10 may include a different
number of cylinder throws, such as a four-throw compressor,
a s1x-throw compressor, a couple-iree reciprocating compres-
sor, a screw compressor, or the like. Further, other variations
in the compressor 10 may include variations 1n the length of
stroke, the operating speed, and the size, to name a few.

FIG. 2 1s a cross-sectional view of the compressor 10,
which illustrates a number of exemplary internal components
of the compressor of FIG. 1. In the 1llustrated embodiment,
the frame 14 of the compressor 10 includes a hollow central
body or housing 22 that generally defines an interior volume
24 1n which various internal components may be received,
such as a crankshatt 26. In one embodiment, the central body
22 may have a generally curved or cylindrical shape. It should
be noted, however, that the central body 22 may have other
shapes or configurations.

In operation, the driver 16 rotates the crankshait 26 sup-
ported within the interior volume 24 of the frame 14. In one
embodiment, the crankshait 26 1s coupled to crossheads 30
via connecting rods 28 and crosshead pins 32. The crossheads
30 further couple the connecting rods 28 to piston rods 90.
The crossheads 30 are disposed within crosshead guides 34,
which generally extend from the central body 22 and facilitate
connection of the cylinders 12 to the compressor 10. In one
embodiment, the compressor 10 includes two crosshead
guides 34 that extend generally perpendicularly from oppo-
site sides of the central body or housing 22, although other
configurations are also envisaged. As will be appreciated, the
rotational motion of the crankshait 26 1s translated via the
connecting rods 28 to reciprocal linear motion of the cross-
heads 30 within the crosshead guides 34.

As discussed in further detail below, the crossheads 30 may
have a lightweight construction. More specifically, certain
components of the crossheads 30 may be formed from a
lightweight composite material. As will be appreciated, the
lightweight construction of the crossheads 30 may enable an
operator to increase the speed of the compressor 10, thereby
increasing the tflow capacity of the compressor 10. Further-
more, the imncreased tlow capacity of the compressor 10 with
crossheads 30 formed from a composite material may be
realized without increasing the size of the cylinders 12 of the
compressor 10. As discussed below, the pins 32 of the cross-
heads 30 may also be made from a light composite maternial.

Furthermore, certain embodiments of the crossheads 30
and the pins 32 may include a crosshead lubrication system
220. For example, the crossheads 30 and the pins 32 may have
features which enable the crossheads 30 and pins 32 to func-
tion as the crosshead lubrication system 220. More specifi-
cally, the crosshead lubrication system 220 1s configured to
route o1l or other lubricant to bearing surfaces between the
crossheads 30, connecting rods 28, and crosshead guides 34,
crosshead shoes, and so forth. In this manner, friction, abra-
s1on, and wear may be reduced within the compressor 10.
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As noted above, the cylinders 12 are configured to receive
a fluid for compression. The crossheads 32 are coupled to
pistons 36 disposed within the cylinders 12, and the recipro-
cating motion of the crossheads allows compression of fluid
within the cylinders 12 via the pistons 36. Particularly, as a 5
piston 36 1s driven forward (1.¢., outwardly from central body
22)1nto a cylinder 12, the piston 36 forces the fluid within the
cylinder mto a smaller volume, thereby increasing the pres-
sure of the fluid. A discharge valve of valve assembly 20 may
then be opened to allow the pressurized or compressed tfluidto 10
exit the cylinder 12. The piston 36 may then stroke backward,
and additional fluid may enter the cylinder 12 through an inlet
valve of the valve assembly 20 for compression in the same
manner described above.

FIG. 3 1s a cross-sectional side view of an exemplary piston 15
36, which may also be formed from a lightweight composite
material or other lightweight material. In the illustrated
embodiment, the piston 36 has a generally cylindrical shape,
with a diameter 38 and a height 40 (e.g., axial length). Fur-
thermore, the piston 36 has a single piece design. In other 20
words, the piston 36 1s formed from a single composite body
42 constructed from a lightweight composite material or
other lightweight material. As mentioned above, the compos-
ite material may include a matrix material and a reinforcing
material. For example, the lightweight composite material 25
may be a carbon composite, a fiberglass composite, or other
lightweight composite material. Additionally, other light-
weight materials may be used, such as a plastic, a ceramic, a
polyimide, a polyetheretherketone (PEEK), an elastomer
such as SA4, or other lightweight materials. The composite 30
and/or lightweight construction of the piston 36 may prevent
the piston 36 from undergoing material corrosion due to
corrosive gases that the piston 36 may contact. For certain
applications, the lightweight composite material or other
lightweight material may be configured to withstand a mini- 35
mum radial pressure of approximately 100 to 500, 150 to 450,
200 to 400, or 300 to 350 MPa. Additionally, the piston 36
may be configured for mimimal diametrical expansion at a
maximum operating temperature. In other words, the piston
36 may be constructed from a lightweight composite material 40
or other lightweight material that may limait the expansion of
the diameter 38 of the piston at a specified temperature. For
example, the lightweight composite matenal or other light-
weilght material may be selected such that the piston 36 under-
goes diametrical expansion of less than approximately 0.001 45
to 0.003, 0.0015 to 0.0025, or 0.0018 to 0.0022 mm at a
temperature of approximately 150 to 200, 160 to 190, or 170
to 180 degrees C.

Furthermore, a variety of processes may be used to form
the single composite body 42 of the piston 36. In certain 50
embodiments, the single composite body 42 may be com-
pressed, molded, or machined. As shown, the single compos-
ite body 42 of the piston 36 includes a bore 44. As with the
single composite body 42, the bore 44 may be formed using a
variety of processes. For example, in embodiments where the 55
single composite body 42 1s molded, the mold used to form
the single composite body 42 may be configured to form the
bore 44 during the molding process. Alternatively, in embodi-
ments where the single composite body 42 1s machined, the
bore 44 may be formed by a machining process such as 60
drilling. The bore 44 1s configured to receive a piston con-
necting rod to couple the piston 36 to the crankshatt.

The piston 36 also includes a piston ring carrier 46 config-
ured to receive one or more piston rings. As will be appreci-
ated, pistons rings disposed within the piston ring carrier 46 65
serve to create a gas-tight connection when the piston 36 1s
disposed within a piston cylinder. The piston ring carrier 46

6

may be formed from a metal, such as steel. In the 1llustrated
embodiment, the piston ring carrier 46 1includes two annular
grooves 48, where each groove 48 1s configured to receive a
single piston ring. In other embodiments the piston ring car-
rier 46 may include 1, 3, 4, 5, or more grooves 48. The single
composite body 42 and the piston ring carrier 48 are integrally
formed. For example, for a piston 36 formed by a molding
process, the piston ring carrier 48 may be placed 1n a mold
used to form the piston 36. Thereafter, the lightweight com-
posite material or other lightweight material 1s poured into the
mold, and the lightweight composite material or other light-
weilght material molds with the piston ring carrier 48 to create
the integrally formed piston 36.

FIG. 4 1s a partial cross-sectional view, taken within line
4-4 of FIG. 3, illustrating an embodiment of a composite
material 50 having a reinforcing material 52 distributed
within a matrix material 54. As shown, the matrix material 54
1s a base material that holds the reinforcing material 52. In
other words, the matrix material 54 surrounds and supports
the reinforcing material 52. For example, the matrix material
may be a plastic, polymer, polyester, epoxy, polyimide, poly-
ctheretherketone (PEEK), polypropylene, or other matrix
material. The reinforcing material 52 1s distributed through-
out the matrix material 54 and may serve to enhance the
physical and/or mechanical properties ol the composite mate-
rial 50. For example, the reinforcing material may be fibers or
other particles, such as carbon, glass, ceramics, or other rein-
forcing material. As will be appreciated, the ratio of matrix
material 54 to reinforcing material 52 may vary for different
composite materials 50. For example, the ratio of matrix
material 54 to reinforcing material 52 may be approximately
10:1to 1:10, 5:1to 1:5,3:11t01:3, 2:1to 1:2, or 1:1.

FIG. 5 1s an exploded side view of a light composite piston
assembly 70, illustrating a piston 36 having a multi-part con-
figuration. Specifically, in the illustrated embodiment, the
piston 36 includes two body portions, a first body portion 72
and a second body portion 74, each formed from a lightweight
composite material or other lightweight material. As men-
tioned above, the lightweight composite material or other
lightweight material may be a carbon composite, a plastic, a
ceramic, a fiberglass composite, a polyimide, a polyethere-
therketone (PEEK), an elastomer such as SA4, or other light-
weight composite material. As with the single composite
body 42, the first and second body portions 72 and 74 may be
formed using a variety of manufacturing processes. For
example, the first and second body portions 72 and 74 may be
formed using a molding process or a machining process.
Furthermore, 1n the 1llustrated embodiment, the first and sec-
ond body portions 72 and 74 are substantially identical. As a
result, the manufacturing of the piston 36 may be simplified
and streamlined. For example, in embodiments where the first
and second body portions 72 and 74 are formed using a
molding process, a single mold may be used to form each of
the first and second body portions 72 and 74. In other embodi-
ments of the multi-part piston 36, the first and second body
portions 72 and 74 may not be identical. In other words, the
first and second body portions 72 may have uniquely different
configurations.

As shown, each of the first and second body portions 72 and
74 include a base portion 76, an outer lip 78 and an 1nner hub
80. The outer lip 78 and the mner hub 80 extend axially from
the base portion 76 toward a central radial axis 82 of the piston
36. In certain embodiments, the outer lip 78 and the inner hub
80 may each have an annular configuration. Between the
outer lip 78 and the 1nner hub 80 i1s an annular cavity 84. As
will be appreciated, the annular cavity 84 of each of the first
and second body portions 72 and 74 provides a lighter weight
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design of the piston 36. In embodiments where the first and
second body portions 72 and 74 are formed using a molding
process, the mold used to form the first and second body
portions 72 and 74 may be configured to form the annular
cavity 84. Alternatively, the annular cavity 84 may be formed
by a machining process such as milling or turning. Each of the
first and second body portions 72 and 74 further includes ribs
86 extending between the base portion 76 and the inner hub
80. The ribs 86 provide additional structural support for the
first and second body portions 72 and 74 and the piston 36 as
a whole. As with the annular cavity 84, the ribs 86 may be
formed with a mold or with a machining process. Each of the

first and second body portions 72 and 74 may include 1 to 10,
2 10 8, or 3 to 4 ribs 86.

The inner hub 80 of each of the first and second body
portions 72 and 74 includes an aperture 88 configured to
receive the pistonrod 90. Specifically, the aperture 88 extends
through 1mnner hub 80 and the base portion 76 of each of the
first and second body portions 72 and 74. Furthermore, the
aperture 88 includes arecess 92 formed in the base portion 76
of each of the first and second body portions 72 and 74. The
apertures 88 and recesses 92 may be formed 1n the respective
first and second body portions 72 and 74 using a machining
process such as drilling or using a molding process. As dis-
cussed below, the recess 92 formed 1n the first body portion 72
1s configured to receive a piston rod nut 94. Specifically, when
the piston assembly 70 1s assembled, the piston rod nut 94 1s
received by the recess 92 of the first body portion 72 and 1s
coupled to the piston rod 90, thereby partially securing the
piston rod 90 to the piston 36. Similarly, the recess 92 of the
second body portion 74 1s configured to receive a piston rod
washer 96. When the piston rod assembly 70 1s assembled, the
piston rod washer 96 1s disposed about the piston rod 90 and
1s disposed within the recess 92 of the second body portion
74, thereby limiting radial movement of the pistonrod 90 with
respect to the piston 36.

In the illustrated embodiment, piston ring carrier 46 1s
disposed between the first and second body portions 72 and
74. As discussed below, when the piston assembly 70 is
assembled, the piston ring carrier 46 abuts and 1s disposed
between the outer lips 78 of the first and second body portions
72 and 74. Additionally, when the piston assembly 70 1is
assembled, the mner hubs 80 of the first and second body
portions 72 and 74 abut one another. Specifically, the aper-
tures 88 and the recesses 92 of the respective first and second
body portions 72 and 74 will be operatively connected for
receiving the piston rod 90 along a central axis 98 of the piston
36.

FIG. 6 1s a cross-sectional side view of the piston assembly
70 of FIG. 4, illustrating the assembled piston assembly 70.
The illustrated embodiment includes similar elements and
clement numbers as the embodiment shown 1n FIG. 5. As
mentioned above, when the piston assembly 70 1s assembled,
the piston ring carrier 46 1s axially captured between the first
and second body portions 72 and 74. Specifically, the piston
ring carrier 46 abuts and 1s axially captured between the outer
lips 78 of each of the first and second body portions 72 and 74.
In the 1llustrated embodiment, pistons rings 120 are disposed
within the grooves 48 of the piston ring carrier 46. As dis-
cussed above, the piston rings 120 serve to create an air-tight
seal between the piston 36 and a piston cylinder 1n which the
piston 36 operates. The piston ring carrier 46 and the first and
second body portions 72 and 74 are coupled together to form
the piston 36. As mentioned above, the inner hubs 80 of each
of the first and second body portions 72 and 74 abut one
another. Additionally, the annular cavities 84 of each of the
first and second body portions 72 and 74 are joined to form
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hollow portions 122 of the piston 36. As will be appreciated,
the hollow portions 122 of the piston 36 enable a light weight
configuration of the piston 36. The light weight configuration
ol the piston 36 allows the piston 36 to be operated at higher
speeds than pistons formed using conventional designs. As a
result, the piston cylinder containing the piston 36 may real-
ize a larger flow capacity without increasing the size of the
piston cylinder. Additionally, the light weight design of the
piston 36 reduces the nertial load of the piston, which may
increase the longevity of the piston 36.

As shown, the pistonrod 90 1s coupled to the piston assem-
bly 70. The piston rod 90 has a diameter 124 which may be
approximately 10 to 500, 20 to 400, 30 to 300, 40 to 200, or 50
to 100 mm. A first end 126 of the piston rod 90 1s coupled to
the piston assembly 70. Specifically, the first end 126 1s
received by the apertures 88 of the first and second body
portions 72 and 74 of the piston 36. As mentioned above, the
piston rod nut 94 1s disposed within the recess 92 of the first
body portion 72, and 1s coupled to a portion 128 of the first
end 126 of the piston rod 70. For example, the portion 128 of
the piston rod 90 and the piston rod nut 94 may each be
threaded and configured to engage with one another. Specifi-
cally, when the piston rod nut 94 1s disposed within the recess
92 of the first body portion 72, the piston rod nut 94 1s held
stationary. In other words, the piston rod nut 94 may have a
configuration, such as a polygonal configuration, whereby the
piston rod nut 94 may not rotate about the central axis 98 of
the piston 36 when the piston rod nut 94 1s disposed within the
recess 92 of the first body portion 72. Subsequently, the first
end 128 of the piston rod 90 may be placed through the
apertures 88 of the first and second body portions 72 and 74,
and the piston rod 90 may be rotated about the central axis 98.
In this manner, the threads of the portion 128 of the piston rod
90 and the threads of the piston rod nut 94 may engage,
thereby coupling the piston rod 90 to the piston rod nut 94.

Similarly, the piston rod washer 96 1s disposed about a
portion 130 of the first end 126 of the piston rod 70 and within
the recess 92 of the second body portion 74 of the piston 36.
As the portion 128 of the piston rod 90 1s coupled to the piston
rod nut 94, e.g., by rotating the piston rod 90 about the central
axis 98, the piston rod 90 1s translated 1n a direction 132. As a
result, a flange 134 of the portion 130 of the piston rod 90
axially abuts the piston rod washer 96, which 1s disposed 1n
the recess 92 of the second body portion 74. In this manner,
the piston rod 90 couples the piston rod nut 94, the piston ring
46, the first and second body portions 72 and 74, and the
piston rod washer 96 to form the piston 36.

FIG. 7 1s a schematic of an exemplary piston cylinder
system 150 including a light composite piston 36. As dis-
cussed above, the light composite piston 36 may be used 1n a
variety of applications, such as compressors, pumps, and
engines. For example, the piston cylinder system 150 of FIG.
7 may be used mm a combustion engine. The illustrated
embodiment of the piston cylinder system 150 includes a tuel
injection system 152 coupled to a combustion chamber 154.
The fuel i1njection system 152 includes a controller 156
coupled to a fuel 1gnition 158, a fuel intake or supply 160, and
an air intake or supply 162. The controller 1s configured to
control the quantity and timing of fuel injection and fuel
ignition via the fuel mtake 160 and the fuel 1gnition 158 1n
conjunction with the quantity and timing of air supply 1nto the
combustion chamber 154.

As 1llustrated, the combustion chamber 154 includes a
piston 36 disposed in a cylinder 164. The piston 36 may be an
embodiment of the light composite piston 36 described
above. For example, the piston 36 may comprise a single
composite body 42 formed from a lightweight composite
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material or other lightweight material. Alternatively, the pis-
ton 36 may be formed form first and second body portions 72
and 74 formed from a lightweight composite material or other
lightweight material. Other embodiments of the piston 36
may include three or more body portions formed from a
lightweight composite material or other lightweight material.
As the piston 36 moves upward within the cylinder 164, the
piston 36 compresses a combustion volume 166 having the air
and eventually fuel from the intakes 162 and 160. For
example, the fuel intake 160 may 1nject the fuel at one or more
times during the upward stroke of the piston 36 as the piston
approaches a top dead center position. At this point, the fuel
alr mixture 1s at an elevated pressure and an elevated tempera-
ture due to the compression by the piston 22. At an appropri-
ate timing, the fuel 1gnition ignites the fuel-airr mixture to
generate hot pressurized combustion gases, which drive the
piston 36 away from the top dead center position.

FI1G. 8 1s a cross-sectional side view of an embodiment of
the crosshead 30, which may be formed from a light compos-
ite material or other lightweight material. As mentioned
above, the crosshead 30 1s configured to couple the connect-
ing rod 28 to the piston rod 33, thereby transierring energy
from the piston 36 and piston rod 33 to the connecting rod 28
and the crankshaft 28. In the illustrated embodiment, the
crosshead 30 has a crosshead body 178 having a single-piece
configuration.

In the 1llustrated embodiment, the crosshead 30 has a first
aperture 180 configured to receive the piston rod 90. For
example, the piston rod 90 may be coupled to the crosshead
30 within the first aperture 180 using bolts, nuts, pins, or other
clamping means. Additionally, the crosshead 30 has a second
aperture 182, which may be used to couple the crosshead 30
to the connecting rod 28. Specifically, the second aperture 182
of the crosshead 30 may be aligned with an aperture or open-
ing 1n the connecting rod 28, and the pin 32 may be disposed
within the aperture 182 of the crosshead 30 and the aperture in
the connecting rod 28, thereby coupling the crosshead 30 to
the connecting 28. In this manner, the crosshead 30 and the
connecting rod 28 may pivot relative to one another, while
transferring energy from the piston rod 90 to the connecting,
rod 28.

As mentioned above, the crosshead 30 may be formed form
a lightweight composite material or other lightweight mate-
rial. For example, as mentioned above, the crosshead 30 has a
single-piece configuration, and therefore may be formed
from a single lightweight composite material or other light-
weight matenal. In other embodiments, the crosshead 30 may
have a multi-piece design and may be formed using multiple
lightweight and/or lightweight composite materials. The
crosshead 30 may be formed from lightweight materials such
as a ceramic, a matrix-reinforced material, carbon fibrous
materials, a polyimide, a polyetheretherketone (PEEK), an
clastomer, or other composite. Additionally, the lightweight
crosshead 30 may be formed from using a molding process, a
dyeing process, or other machining process. As will be appre-
ciated, the lightweight construction of the crosshead 30 may
improve the performance of the compressor 10 by enabling
the operation of the compressor 10 at faster speeds. Addition-
ally, the longevity and usetul life of the crosshead 30 may be
improved due to the reduced 1nertial load of the crosshead 30
and/or improved wear and/or corrosion resistance of light-
welght materials, such as ceramics, that may be used to make
the crosshead 30.

FI1G. 9 15 a cross-sectional side view of an embodiment of
the crosshead pin 32, which may be formed from a light
composite material or other lightweight material. As shown,
the crosshead pin 32 has a cylindrical shape and 1s configured
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to be disposed within the second aperture 182 of the cross-
head 30. In certain embodiments, the crosshead pin 32 may be
formed from a lightweight material, such as a ceramic, a
polyimide, a polyetheretherketone (PEEK), an elastomer, a
carbon-fibrous composite, matrix-reinforced material, or
other composite. The crosshead pin 32 may be formed using
a machining process, such as a molding process or dyeing
process. Additionally, the crosshead pin 32 includes two caps
200 disposed on either end of the crosshead pin 32, thereby
enclosing a cavity 202 formed by the cylindrical shape of the
crosshead pin 32. As shown, the caps include indentions 204
(e.g., annular indentions) which engage with recesses 206
formed 1n an 1nner surface 208 of the crosshead pin 32. In this
manner, the caps 200 may be retained within the cavity 202 of
the crosshead pin 32. In certain embodiments, the caps 200
may be formed from a metal, such as steel or aluminum. As
will be appreciated, the lightweight construction of the cross-
head pin 32 may improve the performance of the compressor
10 by enabling the operation of the compressor 10 at faster
speeds.

FIG. 10 1s a cross-sectional side view of an embodiment of
the crosshead pin 32. More specifically, the illustrated cross-
head pin 32 1s configured for use with the crosshead lubrica-
tion system 220. The crosshead pin 32 shown in FIG. 10
includes similar elements and element numbers as the
embodiment of the crosshead pin 32 shown i FIG. 9.

Additionally, the present embodiment of the crosshead pin
32 includes ports 222 configured to tlow a coolant and/or a
lubricant, such as o1l, represented by reference numeral 224.
For example, the crosshead pin 32 includes entry ports 226,
which may receive the lubricant 224 from the connecting rod
28 of the compressor 10. More specifically, the lubricant 224
may reach the entry ports 226 from a surface, port, passage, or
other portion of the connecting rod 28. As shown, the entry
ports 226 extend from an outer surface 228 of the crosshead
pin 32 to the mner surface 208 of the crosshead pin 32. As a
result, the lubricant 224 flows into the cavity of the crosshead
pin 32. While the illustrated embodiment of the crosshead pin
32 includes two entry ports 226 for receving the lubricant
224 from the connecting rod 28, other embodiments may
include any suitable number of entry ports 226 extending
from the outer surface 228 to the inner surface 208 of the
crosshead pin 32.

Moreover, the crosshead pin 32 also includes two exit ports
230, although other embodiments of the crosshead pin 32
may include other suitable numbers of exit ports 230. From
within the cavity 202 of the crosshead pin 32, the lubricant
224 flows through the exit ports 230 to the outer surface 228
of the crosshead pin 32. As mentioned above, when the cross-
head pin 32 1s disposed within the aperture 182 of the cross-
head 30 to couple the connecting rod 28 to the crosshead 30,
the crosshead 30 and the connecting rod 28 may pivot relative
to one another. As a result, the crosshead pin 32 may move or
rotate relative to the crosshead 30, thereby creating a bearing,
surface between the outer surface 228 of the crosshead pin 32
and an mner surface (inner surface 256 of FIG. 11 below) of
the crosshead 30. As will be appreciated, when the lubricant
224 exits the cavity 202 of the crosshead pin 32 through the
exit ports 230, the lubricant 224 may flow along the outer
surface 228 of the crosshead pin 32 between the crosshead pin
32 and the crosshead 30. In this manner, the lubricant 224 may
reduce friction, abrasion, and/or wear between the crosshead
pin 32 and the crosshead 30, as the crosshead pin 32 and the
crosshead 30 move relative to one another. Furthermore, as
discussed 1n detail below with reference to FIG. 11, when the
lubricant 224 exits the cavity 202 of the crosshead pin 32, the
lubricant 224 may flow from the exit ports 230 into lubricant
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ports (lubricant ports 254 of FIG. 11) of the crosshead 30,
from which the lubricant 224 may flow to other portions of the
crosshead 30.

FIG. 11 1s a perspective view an embodiment of the cross-
head 30. More specifically, the crosshead 30 1s configured for
use with the crosshead lubrication system 220. That 1s, the
crosshead 30 may be a component of the crosshead lubrica-
tion system 220. As mentioned above, the crosshead lubrica-
tion system 220 1s configured to transmit a flow of lubricant,
such as o1l, from a connecting rod (e.g., connecting rods 28
shown 1n FIG. 2) to various surfaces of the crosshead 30.

In the 1llustrated embodiment, the crosshead 30 includes
outer surfaces 250 having recesses 252. More particularly, the
recesses 252 formed 1n the outer surfaces 250 of the crosshead
30 are configured to receive and tlow the lubricant 224, 1n the
manner described below. In certain embodiments, the
recesses 252 may be formed 1n the outer surfaces 250 by
machining or molding. As will be appreciated, the outer sur-
faces 250 of the crosshead 30 are configured to abut and
translate along the crosshead guides 34 of the compressor 10
during operation of the compressor 10. Therefore, as the
lubricant 224 flows within the recesses 2352 formed 1n the
outer surfaces 2350, the lubricant 224 may reduce friction,
abrasion, and/or wear between the crosshead 30 and the
crosshead guides 34, as the crosshead 30 moves along the
crosshead guides 34.

As shown, the recesses 252 are indentions, canals, depres-
sions, cavities, or other similar formations that the lubricant
224 may tlow within or along. Additionally, the shape, con-
figuration, or design of the recesses 252 1n the outer surfaces
250 may vary. Furthermore, the recesses 2352 are fluidly
coupled to one or more ports 254 formed 1n the crosshead 30.
More specifically, the ports 254 extend from one of the outer
surfaces 250 (e.g., one of the recesses 252), and through the
crosshead 30 to the aperture 182 of the crosshead 30. More
specifically, the ports 254 extend to the inner surface 256 of
the crosshead 30. As discussed 1n detail above, the crosshead
pin 32 may move (e.g., rotate) relative to the crosshead 30,
thereby creating a bearing surface between the outer surface
228 of the crosshead pin 32 and the inner surface 256 of the
crosshead 30. Moreover, as the crosshead pin 32 moves rela-
tive to the crosshead 30, the exit ports 230 of the crosshead pin
32 may periodically align with the ports 254 of the crosshead
30. In this manner, the lubricant 224 exiting the cavity 202 of
the crosshead pin 32 through the exit ports 230 may pass into
the ports 254 formed 1n the crosshead 30. Thereaiter, the
lubricant 224 may travel through the ports 254 to the recesses
252 formed 1n the outer surfaces 250 of the crosshead 30. As
the lubricant 224 flows within the recesses 252, the lubricant
224 may reduce friction, abrasion, and/or wear between the
crosshead 30 and the crosshead guides 34, as the crosshead 30
moves along the crosshead guides 34.

FIG. 12 1s a schematic of the compressor 10 having the
crosshead lubrication system 220, 1llustrating a flow path 300
of the lubricant 224. As will be appreciated, the tlow path 300
of the lubricant 224 may be vary for different embodiments of
the crosshead lubrication system 220. As mentioned above
the lubricant 224 flows from the connecting rod 28 to the
crosshead pin 32. That 1s, the lubricant 224 enters the cross-
head pin 32 through the entry ports 226 of the crosshead pin
32. Thereaftter, the lubricant 224 exits the crosshead pin 32
(e.g., the cavity 202 of the crosshead pin 32) through the exit
ports 230 and enters the crosshead 30 through the ports 254 of
the crosshead 30. The lubricant 224 reaches the recesses 252
formed 1n the crosshead 30 and lubricants the bearing sur-
faces between the crosshead 30 and the crosshead guides 34.

After lubricating the bearing surfaces, the lubricant 224 may
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be collected 1n a reservoir 302 of the crosshead lubrication
system 220. The lubricant 224 may then continue along the
flow path 300 to be reused for lubrication of the crosshead 30.
For example, in certain embodiments, a pump 304 may be
used to circulate the flow of the lubricant 224 within the
crosshead lubrication system 200. Other embodiments of the
crosshead lubrication system 220 may include additional

components (e.g., along the tlow path 300), such as sumps,
filters, and so forth.

In certain embodiments, the crosshead 30 and the cross-
head pin 32 having the crosshead lubrication system 220 may
be formed from the lightweight materials described above
(e.g., lightweight composite materials). For example, the
crosshead 30 and/or the crosshead pin 32 may be formed with
the composite material 30 described above. That 1s, the com-
posite material 50 may have the reinforcing material 52 dis-
tributed within the matrix material 54. For example, the
matrix material may be a plastic, polymer, polyester, epoxy,
polyimide, polypropylene, a polyetheretherketone (PEEK),
or other matrix material. Additionally, the reinforcing mate-
rial may be fibers or other particles, such as carbon, glass,
ceramics, or other reinforcing material. Moreover, the cross-
head 30 and/or the crosshead pin 32 having the crosshead
lubrication system 220 may be formed from other lightweight
materials, such as a carbon composite, a plastic, a polyethere-
therketone (PEEK) material, polyimide, an elastomer such as
SA4, a ceramic, a fiberglass composite, or other lightweight
composite material.

The lightweight construction of the piston 36, crosshead
30, crosshead pin 32, and associated components 1s beneficial
for a number of reasons. As discussed above, the lightweight
configuration of the piston 36 enables the piston 36 to move
within the piston cylinder 164 at faster speeds than a piston 36
not having a lightweight configuration. As a result, the power
output of the piston cylinder system 150, e.g., the power
transferred to a crankshaft, increases. Furthermore, the
increase in power output due to the lightweight construction
ol the piston 36 may be realized without increasing the size of
the piston cylinder 164. The lightweight design of the piston
36 turther reduces the nertial load of the piston 36, which
may increase the longevity or usetul life of the piston 36.
Additionally, the reduced inertial load of the piston 36 may
increase the useful life of other moving components in the
piston cylinder system 150, such as bearings, rings, bushings,
and so forth.

Moreover, the lightweight configuration of the crosshead
30 enables the crosshead 30 to move within the compressor
10 at faster speeds than a crosshead 30 not having a light-
welght configuration. As a result, the power output of the
compressor 10, e.g., the power transferred to a crankshatft,
increases. Furthermore, the increase 1 power output due to
the lightweight construction of the crosshead 30 may be real-
1zed without increasing the size of the piston cylinder 164.
The lightweight design of the crosshead 30 turther reduces
the 1nertial load of the crosshead 30, which may increase the
longevity or usetul life of the crosshead 30. Additionally, the
reduced 1nertial load of the crosshead 30 may increase the
usetul life of other moving components 1n the compressor 10,
such as bearings, rings, bushings, and so forth.

Furthermore, the crosshead lubrication system 220 enables
the flow and distribution of lubricant 224 from the connecting
rod 28 of the compressor 10 to the crosshead 30 and the
crosshead pin 32. More specifically, the lubricant 224 may
flow through ports (e.g., ports 226, 230, and 254) formed 1n
the crosshead pin 32 and the crosshead 30 and through the
recesses 252 formed 1n the outer surfaces 250 of the crosshead
30. As aresult, abrasion, wear, and/or friction may be reduced
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between the crosshead 30, the crosshead pin 32, and the
crosshead guides 34 as the compressor 10 operates. In other
words, as the crosshead pin 32, the crosshead 30, and the
crosshead guides 34 rotate, translate, or move relative to one
another, abrasion, friction, and/or wear among the compo- 5
nents may be reduced. Additionally, the crosshead 30 and the
crosshead pin 32 having the crosshead lubrication system 220
may also have one or more of the lightweight configurations
described above.

While the invention may be susceptible to various modifi- 10
cations and alternative forms, specific embodiments have
been shown by way of example 1n the drawings and have been
described 1n detail herein. However, 1t should be understood
that the invention 1s not intended to be limited to the particular
forms disclosed. Rather, the invention 1s to cover all modifi- 15
cations, equivalents, and alternatives falling within the spirit
and scope of the mnvention as defined by the following
appended claims.

The mvention claimed 1s:

1. A system, comprising: 20

a crosshead, comprising:

a crosshead body;

a lubricant recess formed 1n an outer surface of the
crosshead body; and

a lubricant port extending through the crosshead body 23
from the lubricant recess to an aperture of the cross-
head, wherein the crosshead body 1s made of a first
composite material, wherein the first composite mate-
rial comprises a first reinforcing material distributed
in a first matrix material. 30

2. The system of claim 1, wherein the crosshead body 1s a
one-piece structure.

3. The system of claim 1, wherein the first reinforcing
material comprises a plurality of particles.

4. The system of claim 1, wherein the first reinforcing 3>
material 1s different than the first matrix material.

5. The system of claim 1, wherein the first matrix material
comprises a plastic, polymer, polyester, epoxy, polyimide,
polyetheretherketone (PEEK), or polypropylene, and the first
reinforcing material comprises a carbon, glass, or ceramic. 49

6. The system of claim 1, wherein the crosshead comprises
a crosshead pin coupled to the crosshead body.

7. The system of claim 6, wherein the crosshead pin com-
prises a hollow interior, end caps disposed on opposite ends of
the crosshead pin, and first and second radial lubricant ports 4>
extending from an inner surface of the hollow interior to an
outer surface of the crosshead pin.

8. The system of claim 7, wherein the first radial lubricant
port 1s configured to receive a lubricant flow from a connect-
ing rod.

14

9. The system of claim 7, wherein the second radial lubri-
cant port 1s configured to align with the lubricant port extend-
ing through the crosshead body.

10. The system of claim 6, wherein the crosshead pin 1s
made of a second composite material having a second rein-
forcing material distributed 1n a second matrix material.

11. The system of claim 1, comprising a machine having
the crosshead.

12. A crosshead system, comprising:

a crosshead body, comprising:

an outer surface having a lubricant recess formed
therein, wherein the outer surface 1s configured to
translate along a crosshead guide;

an aperture extending through the crosshead body; and

a lubricant port extending through the crosshead body
from the lubricant recess formed in the outer surface
to the aperture, wherein the crosshead body 1s made of
a first composite material; and

a crosshead pin, comprising:

a hollow body having first and second lubricant ports
extending from a cavity of the hollow body to an
exterior of the hollow body; and

end caps disposed on opposite ends of the hollow body.

13. The system of claim 12, wherein the hollow body of the
crosshead pin 1s made of a second composite material.

14. The system of claim 13, wherein first and second com-
posite materials each comprise a plurality of reinforcing par-
ticles distributed 1n a matrix material.

15. The system of claim 14, wherein the matrix material
comprises a plastic, polymer, polyester, epoxy, polyimide, or
polypropylene, and the plurality of reinforcing particles com-
prises a carbon, glass, or ceramic.

16. The system of claim 13, wherein the first and second
composite materials are the same as one another.

17. The system of claim 13, wherein the first and second
composite materials are different from one another.

18. A system, comprising:

a crosshead pin, comprising;:

a hollow body, wherein the hollow body 1s made of a
composite material;

first and second radial lubricant ports extending from an
inner surtace of the crosshead pin to an outer surface
of the crosshead pin; and

end caps disposed on opposite ends of the hollow body.

19. The system of claim 18, wherein the end caps are made
ol a metal.

20. The system of claim 18, comprising a machine having
the crosshead pin connecting a crosshead to a connecting rod,
and a piston coupled to the crosshead.
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